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Project description

ÅThis is a funded DOE Stewardship 3-year project (2021-23)

ïFunding for hardware and for research effort

ïNo funding was provided (by DOE) for students or 

postdocs. We are discussing with CBB.

ÅA collaboration of UChicago (lead), SLAC, Fermilab, 

RadiaBeam

ïExperiments to be performed at FAST (Fermilab)

ÅDOE Stewardship customers:

ïNP (CEC concepts)

ïBES (FELs)

ÅThere is a Fermilab LDRD application in progress.
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What is beam noise?

Å1918: W. Schottky described spontaneous current 

fluctuations from DC electron beams; ñÜber spontane

Stromschwankungen in verschiedenen

Elektrizitätsleiternò, Ann. Phys. 57 (1918) 541-567

ÅSee also: Shot Noise in Schottky's Vacuum Tube, C. 

Schönenberger, S. Oberholzer, E.V. Sukhorukov, H. 

Grabert, https://arxiv.org/abs/cond-mat/0112504
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https://arxiv.org/abs/cond-mat/0112504


Schottky noise

ÅThe result by Schottky, based on the assumption that the 

statistics of electrons passage is Poissonian, reads for 

the spectral noise density at the frequency f,

ÅThe Schottky noise expression is purely due to random 

electron positions but there could be other contributions 

to current (density) fluctuations in intense beams:

ïPhotocathodes: quantum effects, hot spots

ïBeam instabilities

ïCSR

10/29/2021 S. Nagaitsev 4

0( ) 2S f e I=



Schottky spectrum diagnostics in rings
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Is there more than shot noise in beams?

ÅYes! There is a lot of evidence that beams can have 

coherent density clumps in a ~1 GHz freq. range
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ÅTevatron bunched beam cooling experiments, 1990-1995

ÅObserved strong coherent lines at each revolution 

frequency harmonic in Schottky power spectrum.

ïThese strong coherent signals prevented bunched 

cooling;

ïStill unexplained



What about >THz frequency?

ÅThere is a lot of evidence for micro-structure in bunched 

electron beams too!
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An example of a OTR image of a beam with strong micro-bunching effect

at optical wavelengths (< 1 um)



CeC experiment at BNL (run 2020)

Courtesy of Vladimir Litvinenko (SBU/BNL)
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At ~15 THz,

14 MeV beam



Understanding the noise

ÅWhy is it important?

ïExample EIC CEC
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Å Y. S. Derbenev, ñOn possibilities of fast cooling of heavy particle beams,ò AIP Conference 
Proceedings, vol. 253, no. 1, pp. 103ï110, 1992, https://aip.scitation.org/doi/pdf/10.1063/1.42152

Å V.N. Litvinenko and Y. S. Derbenev, ñCoherent electron cooling,ò Phys. Rev. Lett., vol. 102, 
https://link.aps.org/doi/10.1103/PhysRevLett.102.114801

Å D. Ratner, ñMicrobunched electron cooling for high-energy hadron beams,ò Phys. Rev. Lett., vol. 
111, https://link.aps.org/doi/10.1103/PhysRevLett.111.084802

https://aip.scitation.org/doi/pdf/10.1063/1.42152
https://link.aps.org/doi/10.1103/PhysRevLett.102.114801
https://link.aps.org/doi/10.1103/PhysRevLett.111.084802
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CEC system parameters (example)
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Wake field for a proton at the center of the electron beam.  

Initial modulation after ñModulatoròKick in the ñKickerò section

Amplification with

some limited BW and

some electron R56

Any electron density clumps at ~ 1um scale will be also amplified!

~300 THz band



Our project

We are proposing to carry out a systematic theoretical and 

experimental study of electron beam noise at micrometer 

wavelengths at the Fermilab FAST facility.  This wavelength-

scale is of general interest in accelerator and beam physics 

as indicated by the community-driven research opportunities 

survey.  The Fermilab FAST facility is well-suited for this 

research as it can provide electron bunches with charges 0 -

3 nC, 1-60 ps long rms and energies 50 - 300 MeV, making 

it perfectly relevant to future needs of electron-ion colliders 

as well as injectors for future FELs. 
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FAST facility

The proposed experimental apparatus will be installed in the 80-m long high-energy 

beam transport line, between the SRF cryomodule (CM2) and the dipole magnet D600
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